
RESEARCH NOTES 1159

infesting white-tailed deer. Journal of Medical Entomology 25:
295–300.

BOLTE, J. R., J. A. HAIR, AND J. FLETCHER. 1970. White-tailed deer
mortality following tissue destruction induced by lone star ticks.
Journal of Wildlife Management 34: 546–552.

BUSH, A. O., K. D. LAFFERTY, J. M. LOTZ, AND A. W. SHOSTAK. 1997.
Parasitology meets ecology on its own terms: Margolis et al. re-
visited. Journal of Parasitology 83: 575–583.

ERVIN, R. T., F. M. EPPLIN, R. L. BYFORD, AND J. A. HAIR. 1987. Esti-
mation and economic implications of lone star tick (Acari: Ixodi-
dae) infestation on weight gain of cattle, Bos taurus and Bos taurus
3 Bos indicus. Journal of Economic Entomology 80: 443–445.

EWING, S. A., J. E. DAWSON, A. A. KOCAN, R. W. BARKER, C. K. WARN-
ER, R. J. PANCIERA, J. C. FOX, K. M. KOCAN, AND E. F. BLOUIN.
1995. Experimental transmission of Ehrlichia chaffeensis (Rickett-
siales: Ehrlichieae) among white-tailed deer by Amblyomma amer-
icanum. Journal of Medical Entomology 32: 368–374.

JACOBSON, H. A., R. L. KIRKPATRICK, AND B. S. MCGINNES. 1978. Dis-
ease and physiologic characteristics of two cottontail populations
in Virginia. Wildlife Monographs 60: 1–53.

KOLLARS, T. M., JR. 1993. Ticks (Acari: Ixodidae) infesting medium-
sized wild mammals in southwestern Tennessee. Journal of Medical
Entomology 30: 896–900.

LAVENDER, D. R., AND J. H. OLIVER, JR. 1996. Ticks (Acari: Ixodidae)
in Bulloch County, Georgia. Journal of Medical Entomology 33:
224–231.

PATRICK, C. D., AND J. A. HAIR. 1977. Seasonal abundance of lone star
ticks on white-tailed deer. Environmental Entomology 6: 263–269.

SONENSHINE, D. E. 1979. Ticks of Virginia (Acari: Metastigmata). The
insects of Virginia, No. 13. Virginia Polytechnic Institute and State
University Research Bulletin 139, Research Division, Virginia
Polytechnic Institute and State University, Blacksburg, Virginia.

, J. T. LAMB, JR., AND G. ANASTOS. 1965. The distribution, hosts
and seasonal activity of Virginia ticks. Virginia Journal of Science
16: 26–91.

, AND G. F. LEVY. 1971. The ecology of the lone star tick Am-
blyomma americanum (L.) in 2 contrasting habitats in Virginia (Ac-
arina: Ixodidae). Journal of Medical Entomology 8: 623–635.

, AND I. J. STOUT. 1971. Ticks infesting medium sized mammals
in two forest localities in Virginia (Acarina: Ixodidae). Journal of
Medical Entomology 8: 217–227.

ZIMMERMAN, R. H., G. R. MCWHERTER, AND S. R. BLOEMER. 1988. Me-
dium-sized mammal hosts of Amblyomma americanum and Der-
macentor variabilis (Acari: Ixodidae) at Land Between the Lakes,
Tennessee, and effects of integrated tick management on hosts in-
festations. Journal of Medical Entomology 25: 461–466.

J. Parasitol., 86(5), 2000, p. 1159–1161
q American Society of Parasitologists 2000

Sarcocystis campestris From Naturally Infected 13-Lined Ground Squirrels,
Spermophilus tridecemlineatus tridecemlineatus, From Nebraska

David S. Lindsay, Richard D. McKown*, and J. P. Dubey†, Center for Molecular Medicine and Infectious Diseases, Department of Biomedical
Sciences and Pathobiology, Virginia–Maryland Regional College of Veterinary Medicine, Virginia Tech, 1410 Prices Fork Road, Blacksburg, Virginia
24061-0342; *9070 West 12th Street, Juniata, Nebraska 68955; and †United States Department of Agriculture, Agricultural Research Service,
Livestock and Poultry Sciences Institute, Parasite Biology and Epidemiology Laboratory, Beltsville, Maryland 20705

FIGURE 1. Photomicrograph of a sarcocyst of Sarcocystis campestris
in a 13-lined ground squirrel. Note the spikelike projections (arrow-
heads) on the sarcocyst wall. The septa (arrows) divide the sarcocyst
into compartments. Toludine blue stain. Bar 5 10 mm.

ABSTRACT: Grossly visible sarcocysts were seen in the skeletal muscles
of 1 of 12 13-lined ground squirrels, Spermophilus tridecemlineatus
tridecemlineatus, collected in Nebraska. The tissue cyst wall was up to
5.0 mm thick and contained spikelike projections. Transmission electron
microscopy of tissue cysts revealed they were similar to Sarcocystis
campestris Cawthorn, Wobeser, and Gajadhar, 1983, previously known
only from experimental infections in Richardson’s ground squirrel Sper-
mophilus richardsonii. Prominent electron-dense bodies were observed
lining the microfilaments present in the spikelike projections of the sar-
cocyst wall. This is the first report of S. campestris in a natural inter-
mediate host and the first report of this parasite outside of Saskatoon,
Canada.

Cawthorn et al. (1983) described Sarcocystis campestris from
Richardson’s ground squirrels Spermophilus richardsoni, fed
sporocysts collected from naturally infected badgers, Taxidea
taxus. They reported that sarcocysts became grossly visible by
day 258 postinoculation. Sporocysts were found in badgers that
were fed muscle from the experimentally infected ground squir-
rels, demonstrating that the life cycle consisted of a badger
definitive host and a ground squirrel intermediate host. Wobeser
et al. (1983) described the pathogenicity of S. campestris spo-
rocysts for Richardson’s ground squirrels. The natural inter-
mediate host for S. campestris is not known.

We observed grossly visible sarcocysts in 13-lined ground
squirrels, Spermophilus tridecemlineatus tridecemlineatus
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FIGURES 2, 3. Transmission electron photomicrographs of sarcocysts of Sarcocystis campestris in a 13-lined ground squirrel. 2. Spikelike
projections containing rows of electron-dense bodies (arrows) along the microfilaments. Note that the microfilaments (open arrows) extend into
the ground substance (GS). Bar 5 1 mm. 3. Note the ornamentations on the primary cyst wall and that holes (arrowheads) in the primary cyst
wall are due to the plane of sectioning. Spikelike projections containing rows of electron-dense bodies (arrows) along the microfilaments are
present and microfilaments (open arrows) extend into the ground substance (GS). Bar 5 1 mm.
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(Mitchill), from Nebraska. We did not examine tissues for mi-
croscopic sarcocysts. The present report documents the occur-
rence of S. campestris in 13-lined ground squirrels that serve
as a natural intermediate host and provides additional infor-
mation on the structure of the sarcocyst of this species.

Portions of internal and external abdominal oblique muscles
and internal intercostal muscles with grossly visible sarcocysts
were fixed in 2% (v/v) glutaraldehyde in phosphate buffer or
0.4% glutaraldehyde/4% formalin and mailed to the Center for
Molecular Medicine and Infectious Diseases, Virginia–Mary-
land Regional College of Veterinary Medicine, Virginia Tech,
Blacksburg, Virginia for processing and ultrastructural exami-
nations. Tissues were postfixed in 1% (w/v) osmium tetroxide,
dehydrated in a series of ethanols, passed through 2 changes of
propylene oxide, and embedded in Poly/Bed 812 resin (Polys-
ciences Inc., Warrington, Pennsylvania). Thin sections were
stained with uranyl acetate and lead citrate and examined with
a JEOL-100 CX II transmission electron microscope (TEM)
operating at 80 kV. Additionally, 1-mm-thick sections were
placed on glass microscope slides and stained with toluidine
blue and examined by light microscopy. Portions of muscles
were also fixed in 10% neutral buffered formalin solution and
processed for light microscopic examination after staining with
hematoxylin and eosin (H&E).

One of 12 13-lined ground squirrels collected from Adams
(n 5 2), Clay (n 5 8), and Fillmore (n 5 2) counties had grossly
visible sarcocysts. Nine of the animals were male and 3 were
females. The ages were not determined.

Examination of grossly visible sarcocysts in histological sec-
tions stained with toluidine blue or H&E were similar (Fig. 1).
The cyst wall was 1–2 mm thick and contained spikelike pro-
jections that were 0.5–5.0 mm long depending on the plane of
section. Bradyzoites were 10.0–12.0 by 2.0–3.0 mm in size.
Toluidine blue- and H&E-stained tissue sections have been de-
posited in the United States National Parasite Collection
(USNPC), Beltsville, Maryland, USNPC no. 089747.00.

Transmission electron microscopic examination of 3 sarco-
cysts from the naturally infected 13-lined ground squirrel were
similar (Figs. 2, 3). The primary cyst wall was composed of
the parasitophorous vacuole (PV) membrane and underlying
electron-dense material. The PV membrane was ornamented
with bumplike or knoblike structures that were electron dense
in the upper portions but composed only of a small portion of
the PV membrane at the lower portion. When sectioned appro-
priately, the thinner portions of the electron-dense ornamenta-
tions appeared as holes in the primary sarcocyst wall (Fig. 3).
There was a granular layer immediately beneath the primary
sarcocyst wall, and it gave rise to the ground substance and
septa that divided the sarcocyst in to compartments (Fig. 1).

Metrocytes were visible at the periphery of the sarcocyst. The
sarcocyst wall contained numerous spikelike projections. The
core of the spikelike projections contained bundles of microfil-
aments that extended from the anterior portion to ½ to ¾ the
depth of the ground substance. Electron-dense bodies were ob-
served in rows along groups of these microfilaments (Figs. 2,
3). These rows of electron-dense bodies were up to ¾ the length
of a spikelike projection (Fig. 2) or in small clusters in other
spikelike projections (Fig. 3) in sarcocysts that were appropri-
ately sectioned. Bradyzoites contained all the organelles typical
of this stage (Dubey et al., 1989).

None of 5 badgers collected from Adams (2), Clay (2), or
Fillmore (1) counties had detectable sporocysts in their fecal
samples after flotation in Sheather’s sugar solution.

Cawthorn et al. (1983) only briefly described the ultrastruc-
ture of sarcocysts of S. campestris and their TEM photomicro-
graph is of a 113-day-old sarcocyst. They mentioned that a
central core containing longitudinal striations was present in the
projections of the sarcocyst wall. We interpret these to be the
microfilaments observed in the spikelike projections in the pre-
sent study. They did not mention the occurrence of rows of
electron-dense bodies in the projections of the sarcocyst wall
in their study. It is not clear if Cawthorn et al. (1983) examined
sarcocysts that were older than 113 days. Our sarcocysts were
grossly visible, and it may be that they were older than the
sarcocysts studied by Cawthorn et al. (1983). The differences
in ultrastructure may be due to age of the sarcocyst (Dubey et
al., 1989). However, several TEM photomicrographs of sarco-
cysts of S. campestris illustrated by Dubey et al. (1989) contain
electron-dense bodies that are associated with microfilaments
present in the spikelike projections of the sarcocyst wall. The
source of the Dubey et al. (1989) material was the study of
Cawthorn et al. (1983). It appears that the electron-dense bodies
were present in the sarcocysts of S. campestris existing in the
experimentally infected Richardson’s ground squirrels but were
not mentioned in the original species description by Cawthorn
et al. (1983).
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